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(54) CHCTEMA K0HTP0JW H PEryjTHPOBA- 
HHfl KOHHEHTPAIIHH T0IU1HBA B AHOJIHTE 

(57) H3o6peTeHMe othochtch k sneKT- 
posHepreniKe, b lacTHocTH k CHCTeMaM 
xohtpojih h peryjiHpoBaHHH coctohhh* 
aneKTpoxHMHvecKHX renepaTopoB. Hejib 



HBoepereHHjr - noBHrnefme totoocto non- 
AepmaHHH sa A aHHoft xoHaeHTpanim toiuih- 
sa h ynpomeHHe cHCTeMti. C HC TeMa conep- 
xht toujihbhmk 3ne M eHT c HarpyaKoft H 
ToruiHBHbift nacoc, aBTOMara^ecKH ynpas- 
JweMMft cHcreMDft kohtpojih h . perymrpo- 

BaHHH KOHqeHTpaUHH TOUnHBa B aHOJIHTe 

M, * e e™« noxasaT&rc* xoHueHTpaitfm ch- 
cTena HcnojibsyeT raxoft napanerp, K ax 

6JIOKOM aejieHHH, na bxoa KOToporo no- 
aawrcH HSMepiBeMbre sna^HM* Hanp**eim* 
Ha narpysxe npn nomcnioMeHHOM h otxjbo- 

leHHOM AOnOJIHHTejIbHOM COnpOTHBJieHHH 
T.e. npH KOHTPOJIKHMX B03KymeHHHX ito' 

TOKy reHepaxopa. 1 «n. 



H 3 o6pereiiHe othochtch k h c to hhhksm 
3JieKT P HvecKoro Toxa, a HMeHHo k ycr- 
poHCTBaM, oOecnewBaHrawM aBTOMa-THvec- 
Kyw noAany Toiuiraa b TonjmBHyjo 6aTa- 
pe» c KOMneHcaweH CHHsceHHH kohucht- 
paqHH ToiuiHBa. 

Hejib H3o6peTeHHH - noBwmeHHe tom- 

HOCTH nOAAep>KaHHH 3aA3HHOft KOHljeHT- ' 

paura ToiuiHBa h ynpouteHHe chjioboS 

HaCTH CHCTeMbI . 

Ha yepTeace npHBe/ieHa ftyHKUHoiia/ib— 
H3H cxeMa CHCTeMbi kohtpojih h peryjm- 

PQBaHHH KOHUeHTpaiWH TOUUHBa B aHOJTH- 

Te . 

CHCTeMa co^ep^HT ToirrHBHbiA 3 jie- 
MeHT (T3) 1, conpoTHBJieHHe Harpy 3K H 2 
flonojTHHTejiLHoe conpoTHBJieHHe 3 kom- ' 
MyTHpynmift 3 jieMeHT 4, TaKTOBbrft 'rene- 
paTop 5, nocjienoBaTcsjibHbift pesonaHc- 



~ H 7 » aMnnHTy flHtI H aeTexTop 8, 
SjioK 11 fl£ uieHHH, sneneHT 12 cpasHe- 

JIHTOp 14 H TOIUIHBHUH Hacoc 15 

CHCTeMa paOoraer cjieayfonmn'oepa- 

B ycTaHOBHBmeMCH peawMe toiijihbho— 

reHeparopa 5 , ep .es KOMMyTHpywomft 

Harpy 3 K» 2 noflxrawaeTCH. flbnojiHHTe**- 
Hoe conpoTHBJieHHe 3, xotodo- „„ '! 
wH«e 3Ha,HT eJ16H o nj^^c^Z^ 
H«e Harpy3K„.Bp e 3 yjII>TaTe co^SSSS- 
PHo^ecKHe KoneeaHHH Toxa.npoxo^e- 
ro vepes TonmcBBbtfi 3/ieMeHT, Ben S a 
KOToptix no fl 6H P aeTCH HacTon^xo M ano« 
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ito6h b hx npeaejiax napaMeTow T"i — "7 a n 4 

bhjihcb npaKTHMecKH HeHSMe^^ ' I™*™ 9 " 2 KBa ^ a ^P 10 npaKTHie ckh 



* - % "a^anerpbi I 

BHJIHCb npaKTHMecKH It eH 3Me H HblMH . 

C noMombio pe 3 oHaHCHoro nocnenoBa- 

H T n a H c T r o° T i C " KOHTyPa 6 * ^eZro 
Ha vacTory TaKTOBoro reHeparopa 5 

Ha HSMepHTeJIbHOM COnpQTHBJieHHH 7 Aon — 

MHpyeTca na fl e H He Han P H*eHHH, aMnnHTy- 
fla KOToporo nponopqHoH«uibHa HaweHe- 

HWO BbDCOAHOrO HanpHKeHHH T3, oByciOB- 

JieHHpMy noflKmoMeHHeM flononmiTejibHoro 
conpoTHBjieHna 3. BejiHKHHa aMnjiHTym,, 
HSHepaeTCB amm m y muM neTexTopoM 8 

Ha flpyroft bxoa aroro ate 6noxa no«a- 
eTCH KBaflpaT HanpaaceHHa T3. 

HonyMeHHoe Ha Bwxofle 6„oxa 11 „acT- 

HOe uT » rfle u ~ HanpaJKeHHe T3i U. - 
aMmmtyna HanpHxeHHa Ha pesHcrope 7 

nponoprjHOHaiiBHo T OKy KopoTKoro 
kbhhh T3 npH 3HaqeHHH X ero 3JJC H 
BHyrpeHHero c o hpothbji e h hh , cooTBeTcr- 

BywmHX HM eWn ,e«CB KOHIieHTpaUHH TomiH— 
B3 K COCTOHHHH) npoflyKTOB B aHOJIHTC 
B6J1H3H SJHiXTpOflOB. 

noxaaaTejieM oTraioHeHHB KOHueHTpa- 
HHH ToraiHBa or aaaaHHoro anaiem™ cjiy- 

"T™: 3tot CHr « aj i "epe 3 perynaTop 
aosfleiicTByeT Ha toiuihbhmh Hacoc 15 
. .HSMeHHranHH KOHneHTpauwo ToniiHBa no' 
TPe6yeKoro 3HaveHHH t xor fl a tox xo P ot- 

KOro SaMblKaHHfl T3 CTaHOBHTCH paBHbIM • 

aaaaHHOMy ohoxom 13 sHaieHHWo 

B cnpaBewmBocTH BbicxaaaHHoro yr- 
BepaweHiw OTHocHTejibHo nacTHoro na 
BtKo^e 6jioKa nejieHHH moxho y6 efl HTbCH 
pe^B^HCTeMy.ypaBHeHHft wa „anp rae -' 

HHH Ha BHXOfle T3 npH OTKJUOMeHHOM H 

noflK^eHHOM x T3 aononHHTenbHOM co- 

npOTHMeHHH (cOOTBeTCTBeHHO U, H U„ ) 

n P H ycjioBHHj ito R n » R rfl e 4 R IK' 
Be^HHa ^ononHHxeAHoro^conpoT^e- 
_ J » n °flKjmieHHoro napajinejiBHo co- 
npoTHBUeinno HarpysxH 2 (R H ) a TOK 
xopoTxoro saMbncaHHB (I ) " T 3 BbnHC ~ 
mercK no fcopMyne 



to 



15 



k.9. 



JE 



rne E - 3flC T3, 

nojtynaeTca cnenyioEmH peaynbTaT bm- 
VHcjieHHtt: 

1=1 U < 

BoaBpamaacb x 4>yHxqHOHaribHoR cxe- 
Me CHcTeMBi xohtpojih h peryjmpoBaHHa 
"• m ™ BM » ito U 4 — « Ult OTMe _ 
.iae M , T, TO nooieaoBaTejibHo BicmoqeHHMe 

O 



*OpMHPyK)T U«, 3 pesOHaHCHblft KOHTVP 6 

H3Me P HTejibHoe conpoTHBJieHHe 7 h aM - ' 

lUIHTyflHblH flereXTOp 8 ^opMHpywT CHF- 

Han, nponopHHOHaiibHb* V - v CjJ 
renbHo, „x ^c^oe Ha BbKOfl | J 
fle.ieHHH flencTBHTe^bHo npon 0 p y „ OHajIbH o 
Toxy xopoTxoro saMbiKaHHa T3. 

B chct6mg noBbnneHHe touhocth non- 
flepxaHHa xoHueHrpayHH ToraiHBa o6ecne- 
iHBaeTCH npHMeneHHeM b xawecTBe noxa- 
aarejTH KOH Ue „ T panHH xoxa xoporxoro 
saMbixaHH* T3, xotopmh: 

HenocpeACTBeHHo CBH3a H c ochobhwmh 
napaMexpaMH T3 xax HcxoMHHxa sneKTpH- 
lecxoft 3He P r H H Om) „ BHyT Pe „„„„ 
conpoTHBJieHHeM; 

HBjjaercH o6o6meHHbiM noxaaaTejien co- 
20 ctohhhh T3, rax xax 3 A C h B„y T pe„Hee 
conpoTHB TO H„ e (hph hx caMoc ToaTejibHOM 
HcnoHb30BaHHH) xapaKTep„ 3 yK>T paaHue 

CTOPOHW COCTOHHHH T3; 

HBHHeTCH HaH60Jiee VyBCTBHTejlbHbW K 
25 H3MeHeHHK> XOHHeHTpaHHH TonjIHBa 

meH„e xo„ U eHTpa W H TonnnBa yMeHb»a eT 
neHHe "T™** 7 ° H ™*«™* cohpothb- 

HeHHe T3K q TO HX HaCTHOe H3MeHHTCH 

b eme 6ojibmefi cTeneHn); 
30 ■ b cHCTene onpeoenHeTcH HeaaBHCHMo 
ot HarpysxH T3; 

Te *rT aKTePH3yeT TaK ° ft BaKHHft noK «a- 
IZ f er ° Har Py 3 °™aH cnocoe- 

HocTb (aHajiorH^Ho nposepxe sneKTpo- 

XHMHHecKHX BXXyMyjIHTOpOB C nOMO«bK, 

Harpy 3 OHHOH bhhxh, ho 6 e3 noT P e 6jI e- 
hhh eojibmoro Toxa) . 

3<W>eXTHBHOCTb CHCTem,! XOHTPOJIH h 

perynnpoBaHHH xonueHTpauHH TonnHBa 

Onpefl^HeTCH B03MOHHOCTbK) OnTHMH3a M HH 
PeXHMOB pafiOTN HOBMV rr „=.»,. M 

p IW hobhx h nepcnexTHBHbix 

HCTOtTHHKOB SJieXTp^ecXOH SHeprHH - 

3JiexT P oxHMHHecxHX renepaTopoB - no- 

D C a~™ B0M yBeJmtIeHM WW. VMeHbmeHHH 
pacxofla TonnHBa, yB ejiHHe hhh axcimya- 
TauHOHHoro pecypca. n P „ HccjieaoBaHHH 

KOMnOH 6HTOB TOHHHBa npe^a- 

raeMaa cHCTeMa nosBonaeT 6bicT P o Hafi- 

™™y» HX XOM6H„ aiW K,, HPH XOTO P OH 

50 " arp / 3 ° HHa * cnoco6„ocTb T3 oxa 3 b.BaeT- 

3U CH MaxcHMajlbHOH. - 

*0PMyjia H 



3 0 6 



P e t e h h 



55 kohh™ koht P°^ « perynHpoBaHHH 
laHMnaa ronnHBHbrii 3He M eHT c Harpy 3 Ko B 
KOMMyrHp^ 3Jie „ eHTj TaxTOBbifi re™ 
H ^ aT °P» 3ne M eH T cpaBHeiiiia c 3 aaaTVH- 
xom xoHneHTpaiwH, perynaTop h tohjihb- 



1610522 < 

6jioKa neneHHH, STopoa bxoa KOTpporo 
coeaHHen Mepea aMiumTyAHMft AerexTop c * 
o6meft TOKKoft peaonaMCHoro LC— xoHTypa 

5 H HSMepHTeJIbHoro peSHCTOpa, BTOpbW 

kohuom coeAHHeHHoro c oOmeft nuraoft, 
nepBwft h BTopoft bxoau ajieMeHTa cpasHe- 

HHH COeAMMeHM COOTBeTCTBeHHO C BMJCO— 

AaMH 6jtoxa nejieHHH h sawntHKa. xoh- 
10 ueHTpawH, a ero bmxoa Mepes peryna- 
Top noAwiHweH k VonnHBHOMy Hacbcy, 
KOMMyTHpy»mnft 3jieMeHT ynpaBnaramM 

BXOflOM COeAHHeH C BfcKOflOM TaXTOBOro 

reHepaTopa, a bmxoaom noAXJBOHeH x Ap- 
aoHaHCHoro LC-xoHTypa h (jnuibTpa hhk- 1 5 "ojiHHTejibHOMy peaHcropy, BTopoft xb- 
hhx iiacTOT, bmxoa KOToporo Mepea Heu KOTO P° ro COeflHHeH C BTOPUM XOH- 

KBaApaTop coeflHHeH c nepsbw bxohom **° M con P°THBneHHH Harpy 3 XH h c oGmeP. 




"iJiMMawniaHCH 

Te M , «tTo, c qe jw,K) noBwmeHHa to^hocth 
noAnepxaHHH aaAaHHoft xoHitexTpaiwH 
ToroiHBa h ynpomeHHa cwtoBoft qacTx 
CHCTewa, b nee AonoJiHHTejtbHo BBeneHM 
taox flejieHHH, XBaAPaxop, d«„ bT p ^ 
hhx wacTor, nocneAosaTenbHMft peaoaaH- 
CHbift LC-kohtvp, aMnjiHTyAHbrfi neTexToo 

HSMepHTeJlbHblij H AOnOJIHHTejJbHMft pe- 

3HCTOPM, npHMe M nepsMft anexrpoA Ton- 
• JiHBHoro 3ne M eHTa coeAHHea c o6nteft 
mHHoft, a BTopoft - c Harpyso^HUM co- 
npoTHBJieimeM, c bxcasmh KOMMyrxpy- ' 
»mero 3Jie M eHTa, nocjieAOBaTej».H«p n ™- 
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SYSTEM FOR MONITORING AND REGULATING FUEL CONCENTRATION IN 

AN ANOLYTE 

(SISTEMA KONTROLYA I REGULIROVANIYA KONTSENTRATSII TOPLIVA V 

ANOLITE) 

Abstract 

The invention pertains to electric power generation, to systems for monitoring and 
regulating the condition of electrochemical generators in particular. The aim of the 
invention is to improve the accuracy of maintaining a predetermined concentration of fuel 
and to simplify the system. The system contains a fuel cell with load and a fuel pump, 
which is automatically controlled by a system that monitors and regulates the fuel 
concentration in the anolyte. As the indicator of concentration the system uses the 
parameter of short circuit current, determined by the divider unit, to the input of which 
the measured values of load voltages are supplied when an additional resistance is 
switched on and off, that is for controlled disturbances of the generator current. One 
illustration. 

The invention pertains to sources of electrical current, specifically to devices that 
provide automatic delivery of fuel to a fuel cell battery with compensation for lowered 
fuel concentration. 

The aim of the invention is to improve accuracy in maintaining a given fuel 
concentration and to simplify the power generating section of the system. 

A functional diagram of the fuel concentration monitoring and regulating system 
in the anolyte is shown in the drawing. 

The system contains a fuel cell (TE) 1, load resistor 2, additional resistor 3, 
switching unit 4, timing oscillator 5, series resonant LC-loop 6, measurement resistor 7, 
amplitude detector 8, low pass filter 9, square-law function generator 10, divider unit 11, 
comparison unit 12, concentration set-point device 13, regulator 14 and fuel pump 15. 

The system works in the following manner. 

In steady-state mode of the fuel cell 1 at the frequency of the timing oscillator one 
hooks up the supplemental resistor 3 through the switching unit 4 in parallel with the load 
resistor 2. The supplemental resistor greatly exceeds in magnitude the load resistance. 



As a result, periodic fluctuations of the current are created, which passes through the fuel 
cell, the size of which is selected to be so small that the fuel cell parameters remain 
practically unchanged within their range. 

By using the resonant series LC-loop 6, tuned to the frequency of the timing 
oscillator 5, a voltage drop is produced at the measurement resistor 7, whose amplitude is 
proportional to the change of the output voltage of the fuel cell, which is due to hooking 
up the supplemental resistor 3. The size of the amplitude is measured by the amplitude 
detector 8 and is supplied to the input of the divider 1 1 . The square of the fuel cell 
. voltage is fed to the other input of this same divider. 

The quotient U 2 /LU produced at the output of module 11, where U is the fuel cell 
voltage, U A is the amplitude of the voltage at resistor 7, is proportional to the short circuit 
current of the fuel cell for values of its emf and internal resistance, which correspond to 
the existing concentration of the fuel and conditions of products in the anolyte near the 
electrodes. 

The index of fuel concentration deviation from the assigned value is the signal at 
the output of comparison unit 12. This signal influences, via the regulator, the fuel pump 
15, which changes the fuel concentration to the required value when the short circuit 
current of the fuel cell becomes equal to the value assigned by module 13. 

One can justify the validity of the above statement relative to the quotient at the 
output of the divider by solving the system of equations for the voltage at the fuel cell 
output with the supplemental resistor disconnected from and connected to the fuel cell 
(Ui and U 2 respectively). For the condition that R n » Rn, where Rn is the size of the 
supplemental resistance 3, connected in parallel to the load resistance 2 (R N ), the short 
circuit current (I s . c .) of the fuel cell is calculated from the formula 

I s .c. = E/Rfoel cell input > 

Where E is the electromotive force (emf) of the fuel cell, 
One obtains the following result of the calculations: 

I, c . = l/R n XU 1 /U,-U 2 

Returning to the functional diagram of the monitoring and regulating system and 
considering that Ui - U2 « Uj , we note that the series connected filter 9 and the square- 
law function generator 10 in practice generate Ui, and the resonant loop 6, measurement 
resistor 7 and the amplitude detector 8 generate a signal that is proportional to Ui - U 2 . 
Consequently, their quotient at the output of divider 1 1 actually is proportional to the 
short circuit current of the fuel cell. 

In this system an improvement of fuel concentration maintenance accuracy is 
ensured by the use of the fuel cell short circuit current as the concentration indicator, 
which: 



Is directly related to the main parameters of the fuel cell as the source of electric 
power (emf) and to the internal resistance; 

Is a generalized indicator of the fuel cell condition, because the emf and internal 
resistance (when they are used independently) characterize different aspects of the fuel 
cell condition; 

Is the most sensitive to a change of fuel concentration (reduced fuel concentration 
reduces the emf and increases the internal resistance, because their quotient changes to an 
even greater degree); 

Is determined in the system independently of the fuel cell load; 

Characterizes the important indicator of the fuel cell, as its load capacity (similar 
to checking the electrochemical storage batteries by using a high-rate discharge tester, but 
without consuming a lot of current). 

Effectiveness of the system for monitoring and regulating the fuel concentration is 
determined by the possibility of optimizing the operating conditions of new and future 
sources of electric power - electrochemical generators - by increasing the efficiency, 
reducing the fuel consumption, and increasing the operating lifetime. In studying 
different fuel ingredients the proposed system allows one to quickly find the combination 
for which the load capacity of a fuel cell is maximum. 

CLAIMS 

The system for monitoring and regulating fuel concentration in the anolyte, which 
includes a fuel cell with load, switching unit, timing oscillator, comparison unit with 
concentration set-point device, regulator and fuel pump is characterized by the fact the in 
order to improve the accuracy of maintaining a certain fuel concentration and to simplify 
the power generating part of the system, it additionally includes a divider, square-law 
function generator, low pass filter, series resonant LC-loop, amplitude detector, 
measurement and supplemental resistors, whereby the first electrode of the fuel cell is 
connected to a common bus, and the second electrode is connected to the load resistance 
and to the inputs of the switching unit, the series resonant LC-loop, and low pass filter, 
the output of which is connected via the square-law function generator to the first input of 
the divider, the second input of which is connected via the amplitude detector to the 
common point of the resonant LC-loop and the measurement resistor, connected by the 
second end to the common bus. The first and second inputs of the comparison unit are 
connected to the outputs of the divider and the concentration set-point device 
respectively, and its output is connected through the regulator to the fuel pump. The 
switching unit is connected by its control input to the output of the timing oscillator, and 
by its output it is connected to the supplemental resistor, the second end of which is 
connected to the second end of the load resistance and to the common bus. 



